Introduction

1995; 47: 207-216). In this study we examine cytokine levels, T-lymphocyte subsets, natural killer NK cells, memory T cells, and the expression of IL-2 receptors Methicillin-resistant strains of Staphylococcus aureus
(MRSA) were initially detected in 1961 in the United in order to better understand the role of bacterial superantigens and cytokines in the pathogenesis of Kingdom [1] shortly after methicillin came into clinical use. Patients with MRSA infection frequently develop MRSA-associated GN. Methods. Twenty-two patients with MRSA infection septicaemia or toxic shock syndrome, both caused by staphylococcal enterotoxins. Staphylococcal enterotoxwho later developed GN caused by staphylococcal enterotoxin were evaluated immunologically in com-ins are described as 'superantigens' that stimulate proliferation of resting T cells [2] , resulting in massive parison with patients whose MRSA infection was not followed by GN (non-GN group) and normal T-cell activation and release of T-cell-derived cytokines such as interleukin-1 (IL-1), IL-2, IL-4, IL-6, IL-8, individuals. Results. Among peripheral lymphocytes, the frequency IL-10, tumour necrosis factor ( TNF ) as well as interferon-c ( INF-c) [3] [4] [5] [6] [7] . of T cells expressing several TCR Vbs, especially Vb5-family TCR, was higher in the GN group than in We have previously reported that patients who developed glomerulonephritis (GN ) after MRSA infecboth the non-GN group and the normal healthy control group. GN patients also showed increased serum tion showed a marked increase in both DR+CD4+
and DR+CD8+ subsets of T cells and in T cells levels of several cytokines, including tumour necrosis factor-a ( TNF-a), interleukin-1b (IL-1b), IL-2, IL-6, expressing several T-cell receptor (TCR) Vb+cells, perhaps representing Vb-specific T-cell activation by IL-8, and IL-10, which have been implicated in the onset of nephritis. Memory cells, and IL-2 receptors MRSA-derived superantigens [8] . We have also previously reported that an MRSA-associated GN case had also were elevated in the GN group. Conclusion. These results suggest that T cells activated several elevated cytokines [9] . In the present report, we have further studied immunological characteristics by MRSA-derived staphylococcal enterotoxins and subsequent production of cytokines may play an of 22 patients with MRSA infection who developed GN. We assessed cytokine levels, T-lymphocyte subsets, natural killer (NK ) cells, memory T cells, and the
Subjects and methods
cially available detection kit (Denka Seiken).
Patients Lymphocyte subsets
We studied 32 patients who had MRSA infection, including 22 who developed GN in association with MRSA infection Peripheral blood cells were obtained from GN patients, (GN group). The GN group included 20 men and two non-GN patients, and healthy controls. anti-CD4-PE was used for DR+CD4+T cells and ing methicillin was tested using an antibiotic sensitivity kit (Eiken Kagaku, Tokyo, Japan). Culture supernatants were IL-2 receptor (DR+CD4+CD25+), anti-CD4-biotin for TCR Vb+T cell, and anti-CD4-FITC for memory cells assayed for a staphylococcal enterotoxin, using a reverse passive latex agglutination method (Denka Seiken, Tokyo, (DR+CD45RO+CD4+). Detection of cytokines cases with enterotoxin A, six cases had significantly increased levels of Vb5.1, while seven cases had signiSerum levels of IL-2, IL-4, IL-6, TNF-a, and INF-c were ficantly elevated levels of Vb8. For enterotoxin C, the measured by ELISA using the Cytoscreen Immunoassay Kit, ratios were as follows: Vb8 (11/14), Vb5.2+5.3 (BioSource International Camarillo, Camarillo, CA). Serum (10/14), Vb5.3 (7/14), Vb5.1 (14/14). Of the nine cases levels of IL-1-a, IL-1-b, IL-8, IL-10, and TNF-b were also with TSST-1, eight had increased concentrations of measured by Quantikine ELISA kits (R&D Systems; Vb8 ( with healthy controls and the non-GN group ( Table 3) . TCR Vb subsets Vb5.1 and Vb5.2+5.3 were significantly elevated in the GN group relative to healthy Results controls and the non-GN group. TCR Vb5.3, Vb6, and Vb8 levels were higher in the GN group than in healthy controls. NK cells (DR+CD16+CD56+CD3-),
Patient characteristics
memory cells (DR+CD45RO+CD4+), and cells with the IL-2 receptor (DR+CD4+CD25+) were sig-GN occurred either acutely or subacutely during nificantly higher in the GN group than in control MRSA infection. Eighteen patients showed features of subsets. The NK cell subset was significantly increased rapidly progressive GN; of whom eleven had nephrotic in the non-GN group compared with the GN group. syndrome. Three other patients had nephrotic syn-NK and memory cells in the non-GN group were also drome, and one patient had acute nephritic syndrome. significantly higher than in controls. Proteinuria associated with haematuria appeared within 6 weeks of the onset of MRSA infection (20.1±11.6 days) in all patients with GN. Cutaneous Cytokine analysis purpura was observed in three patients.
Serum levels of TNF-a and IL-8 were significantly higher in the GN group than in the non-GN group.
Bacteriological analysis
Serum levels of TNF-a, IL-2, IL-6, IL-8, and IL-10 were significantly higher in the GN group than in MRSA infection was detected in all GN patients; healthy controls ( Table 4 ). In the GN group, INF-c Streptococcus pyogenes was additionally detected in a and IL-1b were higher than in the other groups, but single patient. Type II coagulase appeared in all differences were not statistically significant. TNF-b and patients tested (16/16). Staphylococcal enterotoxin C IL-4 were not detected in any group. was detected in 14 of 18, staphylococcal enterotoxin A in eight of 18, and toxic shock syndrome toxin ( TSST )-1 in nine of 18. Staphylococcal enterotoxin B Discussion was detected in three patients, and enterotoxin D was detected in one patient. The relationship between type
We have previously reported that 10 patients who of staphylococcus enterotoxin and elevated subsets of developed GN after MRSA infection exhibited bac-TCR is presented in Table 2 . For example, of the eight terial infection producing staphylococcal enterotoxins which act as superantigens [8] . In that report, we also described polyclonal increases of IgA and IgG, with high levels of many cytokines such as TNF-a, IL-2, IL-6, IL-8, and IL-10 in the GN group, but did not detect IL-4 in serum from these patients. IL-4 may TSST-1, toxic shock syndrome toxin-1. have been present at levels below the detectable range. GN. The relationships between Th1/Th2 cells and the roles of cytokines induced by superantigens have also These elevated cytokines may be induced by superantibeen described [15, 16 ] . IL-2 produced by Th1 cells gens or infection. Interestingly, however, a significant and IL-10 produced by Th2 cells were also elevated in difference was found between the infection groups and the GN group. We lack conclusive data as to which normal individuals in terms of increases in serum cytokines are elevated first. This question has not been levels of IL-2, possibly attributable to superantigens, clarified, but it may be useful to determine the behavisuggesting a role for superantigens in the MRSA our of Th1 and Th2 cells in MRSA-associated GN. infected groups.
Previous reports have established the involvement In this study, we investigated different types of of superantigens in the elevation of NK cells [7] , enterotoxin. Five types of enterotoxins were detected memory T cells [17] , and the expression of IL-2 recepin the GN group. The relationship between the types tors [18] . The present study also examined the levels of enterotoxins and cytokines in vitro was described of these three factors. Higher percentages of memory by Sperber et al. [12] . They reported that (i) TSST-1 T cells, NK cells, and IL-2 receptors were detected in stimulated more IL-2, IFN-c and TNF production the GN group than in normal controls, and presumably than staphylococcal enterotoxin B in peripheral blood were induced by superantigens. Compared with the mononuclear cells, and (ii) in contrast, staphylococcal controls, the expression of IL-2 receptors was significenterotoxin B stimulated more IL-6 production than antly higher in the GN group, but not in the non-GN TSST-1. In our study, however, although multiple group. The relationship between IL-2 and IL-2 recepenterotoxins were detected in some patients, we could tors with staphylococcal enterotoxin A stimulation was not determine which cytokines were stimulated by any described by Carlsson and Sjö gren [18] . The degree of enterotoxin.
IL-2 receptor increase might be linked to the elevated TNF-a, TGF-b, IL-1, IL-4, IL-6, IL-8, and IL-10 IL-2 level in the MRSA-infected groups. On the other have been shown to be associated with nephritis hand, the levels of NK cells in the GN group was [13, 14] . Serum levels of TNF-a, IL-6, IL-8, and IL-10 lower than in the non-GN group. We could not prein the GN group were even higher than in normal cisely clarify why the NK cells were lower in the GN individuals. Serum levels of TNF-a and IL-8 in the group. Further work is required to elucidate the precise GN group were higher than the non-GN group. Thus, role of NK cells, such as whether they promote or inhibit GN. TNF-a and IL-8 may play some role in the onset of We were not able to clarify differences in immunog- as well as MRSA-associated GN.
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